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IMPROVF.MRNTS IN MRDK AMFNTS FOR ASTHMA TRFATMFNT 

This invention relates lo artificial lunc surfactanis and their use in the trcaimeni 
of asthma.. 

1 1 has been estimated thai asthma affects between 4 and 10 percent of the 
population, causing distress and alarm to both sufferers and bystanders. Asthma 
attacks appear to be precipitated in many cases by a number of factors such as exercise 
or pollutants in ihc inspired air Other agents such as pollen and airborne panicles 
may predispose an asihma sufferer lo an attack by sensitising the airways. This has 
led lo the belief that effective treatment should include adminisiraiion of drugs which 
reduce the sensitivity of asihma sufferers lo allergens or which neutralise the allergic 
reaction. 

The present invention is based on a different approach, namely that the lungs 
and airways of non-asthmatics may contain a natural protective barrier which prevents 
pollutants and other airborne triggers from reaching receptors whose irritation would 
then produce an acute attack. While not wishing to be bound by any fixed theory at 
this stage, studies have suggested that SAPL masks (covers) most of these receptors in 
normal lungs but this masking is deficient in asthmatics. The present invention is 
predictatcd on the belief that it is possible to restore normal masking by binding 
surface-active phospholipids (SAPL) to the tissue surface of the lungs, thereby 
reducing the number of receptors exposed lo noxious stimuli and reducing hyper- 
responsiveness of the broncho-constrictor reflex, common to all forms of asthma. 

SAPL's are used clinically for the treatment of neonates with respiratory 
distress syndrome (RDS). In this role, it has been assumed that the SAPL functions 
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by reducing the high surface tension of the air-water interface within the alveoli, 
thereby reducing the pressure needed to expand the lungs, see Milner. Archives of 
Diseases in Childhood 1993; 68-253. Thus, commercially available fonnulations of 
SM'L have been designed to spread rapidly over an air-aqueous interface, thereby 
reducing what is otherwise a very high surface tension of water. 

Limited clinical studies have been carried out to determine the effect of 
commercial SAPL's marketed for treatment of RJDS in neonates on asthmatic subjects, 
- see Kurashima et al. Jap. J. Allergol 1991; 40, 160. This paper reported some 
amelioration of bronchoconstriction in asthmatic adults using an SAPL obtained by 
extraction from bovine lungs. In another study on children, also using an SAPL 
obtained from bovine lungs, no significant changes in lung fimction or histamine 
response were found, - see Oetomo et al - American Journal of Respiratory and 
Critical Cafe Medicine 153; 1996, page 1 148. 

Our approach to the problem differs from these studies in that it involves the 
use of an anti-asthma medicament which is capable of binding (absorbing) to the tissue 
surface (epitheUum) of the airways; thereby masking receptors against stimulation by 
noxious agents or sensitisation by allergenic stimuli. Although it is an advantage for 
the medicament employed in this invention to spread over the surfaces of the airways, 
once in place, one or more components of the composition will migrate across the 
mucous layer and deposit a thin hydrophobic hning on the tissue surface, and/or 
supplement the indigenous coating. 

According to one of its aspects, the present invention comprises use of a 
surface active phospholipid (SAPL) composition in the preparation of a medicament 
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for the treatment of asthma by administration of the medicament to the paiieut's 
air\vaYS and upper respiratory tract, said medicament comprising SAPL and containing 
a component capable of binding to the surface of huig tissue- 
Examples of SAPL\s which appear to be capable of forming a thin film or 
coating on surfaces of the hmgs include diacyl phosphatidyl cholmes (DAPC's), e.g. 
dioleyl phosphatidyl choline (DOPC); distearyl phosphatidyl choline (DSPC) and 
dipahnitoyl phosphatidyl chohne (DPPC). The SAPL is preferably admmistered as a 
dry powder. Another preferred component of the medicament is a spreading agent. 
Its function is to reduce the melting point of the DAPC so that it rapidly spreads as a 
thin fihn at normal body temperature. Suitable spreading agents include phosphatidyl 
glycerols (PG); phosphatidyl ethanolamines (PE); phosphatidyl serines (PS) and 
phosphatidyl inositols (PI). Another useful spreading agent is chlorestyl palmitate 
(CP). Alternatively, it is possible to reduce the melting temperature and hence 
improve the spreading characteristics of a DAPC by employing a DL mixture of the 
phospholipid. The above spreading agents, especially PG, are beUeved to enhance or 
potentiate the binding of the DAPC, especially the DPPC, to the epithehal surface. 

Dipalraitoyl phosphatidylcholine (DPPC) is beheved to be capable of binding to 
lung tissue and is, therefore, a preferred component of the SAPL. Phosphatidyl 
glycerol (PG) may function also in this way and is also a preferred component of the 
SAPL. PG has a further important function in medicaments employed in the present 
invention and this is its ability to cause the SAPL to form a very finely-divided, dry 
powder dispersion in air. Such dispersions may hayc particle sizes in the range of 0.5 
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to 20^m, preferably 0.5 to Sum and more preferably 0.5 to 2^m. Typically, the 
median particle diameter is about 1.2 urn. Finely divided dry powders of this kind 
(which may be described as ftimed powders) are adsorbed onto the surfaces of lung 
tissue, i.e. bound to the epithelium. 

Preferably, the SAPL compositions employed in the present invention are 
blends of dipalmitoyl phosphatidylcholine (DPPC) and PG. 

The medicament should generally be essentially free from animal protein in 
order to avoid the danger of patient sensitivity to animal proteins and pyrogens. Also, 
surfactants which are derived from animal proteins are not avaUable in a finely-divided 
particle form which can be dispersed in a carrier gas stream. 

DPPC can be prepared synthetically by the use of acyl chlorides using the 
method of Baer & Bachrea - Can. J. Of Biochem. Physiol 1959; 37, page 953 and is 
available commercially from Sigma (London) Ltd. The PG may be prepared from 
egg phosphatidylcholine by the methods of Comfimons et al and Dawson, Biochem. 
Biophys Acta 1977; 488; pages 36^2 and Biochem J. 1947; 192; pages 205-210. 
When co-precipitated with DPPC from a common solvent such as chloroform, PG 
forms with DPPC a fine powder which spreads rapidly over the surfaces of the airways 
and lungs. At a weight ratio of DPPC:PG of about 7:3, the mixture spreads rapidly at 
a temperature of about 35''C and above. Additional or lesser quantities of PG can be 
incorporated into the composition and finely-divided compositions obtained. In 
general, DPPC and PG may be present in a weight ratio of from 9:1 to 1:9. Other 
DAPC's and other spreading agents may be used in similar proportions. 
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Compositions employed in currently tested formulations have been in the weight ratio 
of from about G A to S:2, A SAPL suitable for use in accordance with the invention 
IS obtainable from Britaiuua Pharmaceutical Ltd., 41-51 Brighton Road, Redhill, 
Suney, under the trade mark *AJec\ 

Because we are concerned in the present invention to achieve a long term 
adsorption of the medicament on the lung surface, it is highly desirable that the SAPL 
(or its active component) should not break dov/n in the environment of the lungs. 
One of the factors which will reduce the life of a lining or coating will be the presence 
of enzymes, such as phosphohpase A, capable of digesting DPPC and/or PG. Such 
enzymes only attack the laevo rotatory (L) form, which constitutes the naturally 
occurring form. Therefore, the medicament should preferably contain the dextro- 
rotatory (D) form or at least comprise a racemic mixture, which is obtained by 
synthetic routes. 

The medicaments employed in the present invention are generaUy finely- 
divided dry powders having a particle size distribution which is smaU enough to be 
mtroduced into the airways and, preferably, deeply into the lungs in a gas stream from 
a dispersion device. GeneraUy, medicaments are preferred in which the particle size 
distribution is such that a major proportion are between 0.5 and 2 micrometres. 
Suitable dispersion devices may employ a propellant such as a halocarbon to form the 
gas stream and may include a tapered discharge nozzle baffle or a venturi to accelerate 
particles through a discharge nozzle, and to remove oversized particles. Suitable 
halocarbons include hydro fluorocarbons, hydro fluorochlorocarbons and fluorochloro- 
carbons having a low boiling point, such as those marketed under the trade mark 
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**Freon". The medicament may be packaged with a propellant in a pressurised aerosol 
container within the inhaler. Other inhalers have an impeller which mixes the powder 
into an air stream and delivers the powder-laden air into the patient's airways - see, 
e.g. US 5577497. 

The invention also includes a dispersion device for administering a medicament 
useful in the treatment of asthma which comprises a sterile canridge containing finely- 
divided particles of an essentially protein-free mixture of DPPC and PG, and means for 
introducing said particles into a gas stream as the patient inhales, said particles 
including a majority having particle sizes within the range of 0.5 to 2 ^im, 

A preferred method and apparatus for administering the medicament involves 
dispersing the powdered medicament in a propellant gas stream. For example, a 
pressurised canister of a liquefied gas may be connected to a vial containing the 
medicament. By releasing controlled amounts of gas from the canister into the vial, 
increments of the medicaments are ejected from the vial as a cloud of powder and may 
be inhaled by the user. 

A typical design of the dispenser is shown in the accompanying dravraigs, in 

which:- 

Figure 1 is a side elevation of the dispenser; and 
Figure 2 is a similar view, but shows its interior. 

In the drawings, a casing (I) is formed from two plastic mouldings (2 & 3) 
which snap together to form a container for a pressurised canister (4) and a vial (5). 
Canister (4) contains a low boiling hquid, preferably a hydrofluorocarbon such as 
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fiFA-I34a or liJ'C-227, under sufficient pressure to maintain the propellant liquid at 
normal room temperature. Vial (5) contains the powdered medicament, such as 
"Alcc'\ Canister (4) has a release valve (6) which is received in a recess (7) so that 
fmger pressure on the inverted end (8) of the canister wilJ cause propellant to be 
released into a tube (9). Tube (9) is lypicaUy a hard plastics, e.g. pvc or 
polypropylene, tube of about 2-3 mm outside diameter and about 0.5 to 2 mm inside 
diameter. Tube (9) connects valve (6) with a fitting (10) and thence to a tube or 
needle (II) which extends into the vial (5). Vial (5) may be closed with a rubber seal 
which is penetrated by the tube or needle (11) and self-seals around the tube or needle. 
A second needle or tube (12) extends part way into the vial through the rubber seal in 
the neck of the vial and connects with a fitting (13). Fitting (13) discharges into a 
mouthpiece (14) which is a comfortable shape for the user to place in the mouth. 
When the patient is in need of medication, he places the mouthpiece (14) into his 
mouth and breaths and simultaneously depresses the canister (4). This causes a cloud 
of medicament to be dispensed into the patient's airways. Fittings (10) and (13) may 
be valves. Valves (10) may be set to permit measured quantities of propellant to enter 
the vial. Similarly, valve (13) may be set to release when the pressure in the vial 
reaches a predetermined level. It will be appreciated that the dispenser can be used 
one-handed in an analogous manner to a conventional nebulizer. 

In addition to the powdered SAPL, the vial may incorporate other known 
puhnonary or respiratory medicaments such as 'Salbutamol', 'Beclomethasone, 
Conicosteroids, or other asthma drugs. It is, however, preferred to package the 
conventional asthma drug in the propellant canister or in a capsule interposed between 
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ihc propellant container and the vial containing the SAPL. In this way. the lungs and 
ainvays receive a cloud of SAPL and an aerosol of the conventional drug sequentially 
or simultaneously. This combined therapy gives both quick relief and lasting 
protection as the fihn of SAPL spreads over the lung tissue. Instead of packaging the 
SAPL in a inuJti-use vial it may be contained in a capsule, which may be a single use 

I 

quantity, between the outlet from the propellant canister and the mouthpiece. j 

1 

While ihe present invention has been described with particular reference to the 
treatment of human patients for asthma, it is possible that the invention may also be 
applicable to the treatment of other puhnonary diseases or conditions such as rhinnitis. 

The medicament of the present invention may also be employed in the 
treatment of pulmonary conditions in other mammals. An example is reaaive airway 
disease in horses. 
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CLAIMS - 

I- Use of a surface active phospholipid (SAPL) composition in the 
preparation of a medicament for the treatment of asthma by administration of the 
medicament to the patient's airways, said medicament comprising SAPL and 
containing a component capable of binding to the surface of lung tissue and said 
medicament being in finely divided solid form. 

2. Use as claimed in claim 1 wherein the medicament is a finely-divided 
dry powder Having a particle size distribution such that it can be introduced into the 
airways by carriage in a gas stream. 

3. Use as claimed in claim 2 wherein the gas stream comprises a 
halocarbon which is gaseous at ambient tenaperatures. 

4. Use as claimed in claim 3 wherein the halocarbon is tetrafluoroethane 
or heptafluoropropane. 

5. Use as claimed in any one of the preceding claims wherein the major 
proportion of the particles in said medicament are between 0.5 and lOjim. 

6. Use as claimed in any one of the preceding claims wherein the 
component capable of binding to lung tissue coniprises phosphatidyl glycerol (PG). 

7. Use as claimed in any one of the preceding claims wherein the SAPL 
composition comprises a blend of dipalmitoyl phosphatidylcholine (DPPC) and PG. 

8. Use as claimed in claim 7 wherem the PG is present in an amount 
sufficient to lower the temperature at which DPPC wiU spread spontaneously over a 
surface at normal mammalian blood temperature. 
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9. Use as claimed in claim 7 wherein the DPPC and PG are present in a 
weight ratio of from about 9:1 to 1 :9. 

10. U se as claimed in claim 7 wherein the DPPC and PG are present in a 
weight ratio of from about 6:4 to 8:2. 

11- Use as claimed in any one of the preceding claims wherein the 
medicament is prepared by forming a solution of the DPPC and the PG in a common 
solvent and recovering particles from the solution containing a mixture of DPPC and 
PC. 

12. Use as claimed in any one of the preceding claims wherein at least one 
component of the SAPL comprises a D or DL mixture. 

13- Use of an artificial lung surfactant in the preparation of a medicament 
for treatment of asthma by direct administration to the patient's airways or lungs of the 
medicament in finely-divided dry solid form, said medicament being essentially protein- 
free and comprising dipalmitoyl phosphatidylcholine (DPPC) in combination with 
phosphatidyl glycerol (PG). 

14. A dispersion device for administering a medicament usefiil in the 
treatment of asthma which comprises a sterile cartridge containing finely-divided 
particles of a blend of DPPC and PG, and means for introducing said particles into a 
gas stream as the patient inhales, said particles including a majority having particle 
sizes within the range of 0.5 to 2 \xin. 

15. A dispersion device as claimed in claim 14 wherein the DPPC and the 
PG are present in a weight ratio of from about 9:1 to 1 :9. 
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16. A device as claimed in claim 14 or 15 which includes a source of 
propellant to form the gas stream, 

17, A dispenser for dispensing a powdered medicament which comprises a 
casing containing a valve-controlled canister of a halocarbon propellant and vial or 
capsule of a powdered SAPL, the canister being connected to the vial or capsule so 
that on operating the valve of the canister, gaseous propellant is forced into the vial or 
capsule and displaces the SAPL as a cloud into a mouthpiece. 
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